Leishmania infection consists in two sequential events, the host cell colonization followed by the proliferation/dissemination of the parasite. In this review, we discuss the importance of two distinct sets of molecules, the secreted and/or surface and the nonsecreted antigens. The importance of the immune response against secreted and surface antigens is noted in the establishment of the infection and we dissect the contribution of the nonsecreted antigens in the immunopathology associated with leishmaniasis, showing the importance of these panantigens during the course of the infection. As a further example of proteins belonging to these two different groups, we include several laboratorial observations on Leishmania Sir2 and LicTXNPx as excreted/secreted proteins and LmS3arp and LimTXNPx as nonsecreted/panantigens. The role of these two groups of antigens in the immune response observed during the infection is discussed.
INTRODUCTION
Leishmaniasis are parasitic diseases, caused by protozoan parasites of the Leishmania genus, associated with significant morbidity and mortality in tropical and subtropical regions and in the Mediterranean basin. The disease has a wide range of clinical manifestations that depend not only on the infecting Leishmania species but also on the immune status of the host [1] . The most extensively studied leishmanial disease is the cutaneous form caused by L. major or L. tropica in the old world and L. braziliensis in the new world. It usually appears as a skin ulcer or dermal granuloma, which may take up to several months or years to heal [2] . With L. braziliensis, the infection may also spread to other cutaneous sites, like mucosal membranes giving origin to the mucocutaneous form of the disease. The most serious form of the disease is the visceral one that, if untreated, gives rise to a high mortality rate. It is characterized by fever, cachexia, hepatosplenomegaly, and hypergamaglobulinemia and is caused by members of the L. donovani complex (L. donovani in the old world, L. infantum in the Mediterranean basin and L. infantum chagasi in the New World) [3] .
Leishmania is a digenetic protozoan that is transmitted to the mammalian host by sandflies of the genus Phlebotomus in the old world and Lutzomyia in the new world. In the alimentary tract of the insect vector, the parasite exists extracellularly as a flagellated motile form, the promastigote. During the insect blood meal, the infectious developmental form, metacyclic promastigotes, is injected into the dermis and phagocyted by resident macrophages within which the parasite differentiates into the nonmotile amastigote form and multiplies. Moreover, other cells such as fibroblasts and dendritic cells may also harbour parasites [4] . The cycle is completed when the sandfly takes another blood meal recovering free amastigotes or infected macrophages.
During an infection, the parasites have a remarkable adaptative capacity as they are able to survive inside phagocytic cells. These cells are responsible for the microbicidal and antigen-presenting functions however they serve as a safe habitat for the parasite. The existence of inbred mice, which are either susceptible (Balb/c) or resistant to infection (C57BL/6, CBA, C3H.HeJ) has helped to elucidate the protective or nonprotective role of cytokine and T-helper cell subsets and also the role of different leishmanial antigens in the immune evasion mechanism. Thus, it became generally accepted that resistance against leishmaniasis is associated with the production of IL-12 by antigen presenting cells (APC) macrophages and dendritic cells, leading to the differentiation and proliferation of the Th1-subset of CD4 + T-cells producers of IFN-γ. This will ultimately lead to the activation of parasite-infected macrophages that, through the induction of effector molecules as nitrogen and oxygen reactive species, will kill the intracellular parasites [5] . In contrast, failure to control the infection has been associated with the production of anti-inflammatory cytokines as IL-4, IL-10, IL-13 and TGF-β [6] . Given the ancient evolutionary divergence in Leishmania species, it is not surprising that the control of the different Leishmania driven diseases is related to different immunological properties. Hence, while in cutaneous leishmaniasis, IL-4 has been implicated in disease progression, in visceral leishmaniasis its importance has been ruled out [7] . In the latter, IL-10 has been shown to be the major immunosuppressive cytokine along with TGF-β. Overall, it suggests that it is the overshadowing of the Th2 response by a Th1 cell associated response that leads to the control of the infection [8] . Moreover, the real contribution of the humoral response is still under debate, however studies in different intracellular pathogens have shown that antibodies can also have a function in restricting the infection when the parasite is exposed to the extracellular milieu [9] . Consequently, in leishmaniasis, the induction of specific humoral responses to parasite antigens would, theoretically, be able to neutralize the parasite whether as free promastigotes, after the inoculum, or as amastigotes, when released from the infected macrophages, contributing to develop a protective response [10] . However, until now, no effective vaccine against human leishmaniasis is available for clinical use [3] .
Leishmania parasites inside their hosts do not behave inertly. Rather, the virulence related to their pathology seems to be linked to an induced lack of immune response control. The parasite actively secretes proteases and other molecules that affect host immune system (cells and cytokines) facilitating the infection process. In addition, the parasite possesses intracellular nonsecreted antigens, members of conserved protein families, which are believed to contribute to the chronic immunopathology, observed in leishmaniasis. Here, we review these two groups of relevant parasite molecules, illustrated with laboratory observations of proteins belonging to the secreted and nonsecreted groups of antigens. Finally, we discuss their differential role in Leishmania infection and persistence as well in the development of a protective immune response.
The importance of the secreted versus nonsecreted antigens
Leishmania virulence has been explained using two different groups of parasite molecules, the secreted and surface and the intracellular molecules [11] . This model proposes that the secreted and surface molecules will be mostly important for the establishment of infection, protecting the parasite from the early action of the host immune system, acting as invasive/evasive determinants. According to this model, the intracellular molecules will be ultimately responsible for the disease phenotype [11] .
Surface and secreted molecules
The secreted proteins have distinct functions during Leishmania infection. First, they play a role in the establishment of the infection [12] in conjunction with important elements existent in the saliva of the sandfly vector [13, 14] . In a second phase, they contribute to the maintenance of the infection by interfering with the macrophagic microbicidal functions, cytokine production, antigen presentation, and effector cells activation. This is achieved by repression of gene expression, post-translation protein modification or degradation, and by activation of suppressive pathways and molecules [15] . This macrophagic anergy enables the continuous multiplication of the amastigote form. The bulk of the knowledge on surface and secreted molecules of Leishmania is focused on lypophosphoglycan (LPG), on the promastigote surface protease named glycoprotein 63 (gp63), glycosylinositol phospholipids (GIPLs), cysteine peptidases and on a few others like β-mercaptoethanol activated proteases, acid phosphatases and chitinases. The importance of some of these molecules in the establishment of the infection is well documented [15, 16] , but the real contribution of the secreted molecules remains elusive due to the difficulty of the intramacrophagic studies. After entrance into a susceptible mammalian host, the Leishmania promastigotes are targeted by the host immune system. Serum components, like the complement system represent the first challenge following entrance into the bloodstream. Procyclic promastigotes are highly susceptible to complement action, unlike the metacyclic that can avoid complement mediated lysis [17] . This remarkable difference is mostly due to the surface molecule in Leishmania, the LPG. Composed mainly of repetitive units of a disaccharide and a phosphate, LPG is linked to the membrane by a glycosylphosphatidylinositol anchor [18] . The LPG is longer in metacyclic promastigotes preventing the attachment of C5b-C9 subunits of the complement complex avoiding its lytic action [17] . The relevance of LPG is not limited to complement resistance. Its importance is stated by several studies using either purified LPG or mutant strains. The LPG is implicated in several processes including the binding to the epithelial cells of the sandfly midgut [19] , receptor mediated phagocytosis of macrophages through the CR3/CR1 ligand or the manose-fucose receptor (in conjunction with gp63) [20, 21] , toll-like receptor 2 signalling [22] , stimulation of NK cells [23] , inhibition of phagosome-endosome fusion [24] [25] [26] , and inhibition of phagosome-derived superoxide [27] . Several attempts to use LPG to confer protection were unproductive [28, 29] . Constitutively shed by several Leishmania species, the LPG is the paradigm molecule referred to as evasive and invasive. After the initial steps of infection, LPG is downregulated being almost absent from amastigotes [30] .
Another molecule implicated in the invasive and evasive mechanisms is gp63. This protein is the most abundant in the parasite surface, although 10 fold less abundant than LPG [30] . In the promastigote form, gp63 is in the surface of the parasite under the LPG coat and is involved Nuno Santarém et al. in L. donovani promastigote multiplication [31] . Like LPG, gp63 was shown to be implicated in complement resistance, in L. major and L. amazonensis, by mediating the interconvertion of C3b to C3bi [32] . This interconvertion favours the internalization via CR3 avoiding the oxidative burst. The binding of gp63 to fibronectin receptors favours the parasite uptake into the macrophage [33] . Furthermore, gp63 is an endopeptidase with the potential to degrade immunoglobulins, complement factors, and lysosomal proteins [34] . The optimal proteolitic activity of gp63 is at pH 4 that may indicate some active proteolitic function in the amastigote stage [34, 35] . Despite this, gp63 expression is downregulated in amastigotes [36] . In spite of being a virulence factor in most Leishmania species, immunization trials with gp63 were unable to protect mice from infectious challenge [37] . Moreover, gp63 mutation in L. major did not impair in vitro intramacrophagic survival [38] . So the importance of gp63 in the course of the infection remains elusive. The GIPLs are molecules 10 times more abundant than LPG on the parasite surface, although like gp63 they are physically under the LPG coat [39] . The GIPLs were described in L. major as having a protective role at the parasite surface by modulating the expression of nitric oxide synthetase in murine macrophages [40, 41] . Another interesting group of proteins are the cysteine proteases. In L. mexicana, this family of proteins seems to be associated with disease progression [42] . Cysteine protease activity can be found at the parasite surface or inside the macrophage endoplasmatic reticulum, probably associated with proteases released in the phagolysosome by Leishmania. The inhibition of major histocompatibility complex class II molecules in macrophages seems to involve, in L. amazonensis, the direct sequestering of these molecules following cysteine-peptidase-dependent degradation [43, 44] . Also, cysteine peptidase activity was demonstrated in L. mexicana to induce IL-12 repression and degradation of NF-kB [45] . It is still worthy to mention some other secreted proteins described as virulence factors, like the L. mexicana chitinase [46] and the L. donovani acid phosphatases [47] [48] [49] [50] . An in depth study of the Leishmania secretome is missing. The most remarkable effort was done by Chenik and colleagues that were able to screen 33 different proteins using an L. major cDNA library and a rabbit immune sera raised against the secreted proteins [51] . Nine of them were already described as excreted/secreted proteins in Leishmania or other species, 11 corresponded to known proteins but not characterized as secreted and the other 13 were completely new and uncharacterized proteins [51] . This shows how little is known about the Leishmania secretome since only a few proteins are extensively characterized [52] [53] [54] [55] [56] . It is already known that total L. major secreted molecules, described as highly immunogenic [54, [57] [58] [59] , can confer protection from infectious challenge [57, 59] . So it is obvious that somewhere among the Leishmania secreted proteins exist future candidates for vaccine design and drug targets. Nonetheless, one of the problems in vaccine design using surface or secreted/excreted proteins is the fact that these proteins are naturally exposed to the immune system. Chang et al suggest that these secreted/excreted proteins were evolutionarily selected becoming immunologically "silent" [60] . This fact implies that secreted proteins that have a specific function in the establishment of the infection will be "silent," allowing them to perform their vital functions unchecked by the host immune system [11, 12] . This will be more significant for the proteins involved in the first steps of infection, while the parasite is still exposed to the extracellular environment. As an example of this fact, we present three distinct proteins: a cytosolic tryparedoxin peroxidase of L. infantum (LicTXNPx) [61] , the Leishmania silent information regulator 2 (Sir2) [52] , and a tryparedoxin of L. infantum (LiTXN1) [62] . All are Leishmania secreted proteins (Figure 1 ) [52] , that show distinct immunological properties. A high antibody titre against the LicTXNPx was detected in children [63] . This antibody titre is maintained during the Leishmania infection and decreases after its resolution [63] . Despite its high immunogenicity when tested in vitro or in vivo using the Balb/c model, this excreted/secreted protein did not show immunomodulatory properties (Figures 4, 5 , and Table 1 ) and provided no protection against the infectious challenge (data not shown).
On the other hand, the Leishmania Sir2 is a typical poorly immunogenic secreted antigen (Figure 2 ) characterized as a virulence factor [64] . Infectious challenge after Leishmania Sir2 immunization results in a decreased infectivity in the acute phase (Figure 3 ). This could be partially due to the production of lytic and neutralizing antibodies [65] . The immunization leads to a significant decrease of the spleen and liver parasite load at two weeks post infection (Figure 3 ) [65] . However, it is incapable by itself of resolving the infection, as seen six weeks after infection, where there is no significant difference between the immunized infected group and the infected control group (Figure 3 ). Certain secreted proteins seem to function as immunomodulatory components, acting as host immune evasive proteins. As an example, another excreted/secreted Leishmania protein, LiTXN1 (Figure 1 ), is capable to increase IL-10 splenocyte secretion (Table 1) , a major immunosuppressive cytokine (manuscript in preparation). LiTXN1 can be among the proteins responsible for a transient immunosuppressive state that can favour the parasite internalization and colonization of the host cells. These examples show that among the secreted proteins we can find proteins naturally immunogenic, albeit nonprotective, like LicTXNPx while others less immunogenic show interesting properties in terms of protection probably due to the disruption of their in vivo functions, Leishmania Sir2, or by their immunomodulatory properties, LiTXN1. Unfortunately, the reduced immunogenicity of the most interesting secreted proteins probably will prevent their identification by serological based approaches [51] . The reduction of the secreted/excreted proteins to the given examples is an oversimplification. However, it is obvious that much more work is needed in this area, especially in the huge black hole of knowledge that concerns the interaction between host cell and Leishmania at a molecular level. Since most of the studies have been done using infectionphenotype approaches, little is known about the true agents involved in macrophagic disruption [16, 58, 68, 69] . We suggest that amastigote secreted proteins will be more immunogenic and can have interesting immunomodulatory properties since they have not been under the selective pressure as the promastigote secreted proteins. The selective pressure of the host immune system is a powerful driving force in evolution, as demonstrated in the case of Schistosoma mansoni that has the ability to completely evade the host immune system rendering itself "invisible" [70] .
Panantigens-nonsecreted proteins
Human visceral leishmaniasis, unlike cutaneous leishmaniasis is characterized by high anti-Leishmania antibody titres [71, 72] . The role of these antibodies is still unclear as there The nonimmunized mice ( ) were subjected to the same protocol but received PBS instead of recombinant Leishmania SIR2. The mice were sacrificed after 2 and 6 weeks of infection and the parasite load in the spleen and liver determined by the organ limiting dilution method [66] . The data represent means and standard deviations for three mice and are representative of two independent experiments. Statistical analysis was performed using Student t-test. Statistically, significant differences between immunized and nonimmunized mice are indicated. * P < .05.
seems to be no relation with the progression or resolution of the infection [58, 73, 74] . This exuberant humoral response against promastigote and amastigote antigens (fractions or total protein extract or specific Leishmania proteins) has been exploited for serodiagnosis with different degrees of success [58, 63, 74, 75] . Interestingly, one of the most sensitive techniques using recombinant Leishmania proteins does not involve surface molecules like LPG or gp63 but Nuno Santarém et al. Secreted, B-cell activator, induces lytic, and neutralizing antibodies [64, 65] LicTXNPx Secreted, elicits strong humoral response and has no influence on cytokine production [63] LimTXNPx Nonsecreted, decreases IL-4 secretion both in vitro and in vivo Figure 3 LiTXN1 Secreted, poorly immunogenic, induces IL-10 secretion both in vitro and in vivo (Manuscript in preparation)
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LmS3arp
Nonsecreted, B-cell polyclonal activator, inhibits T-cell proliferation, and downregulate IL-2, 12 and IFN-γ in splenocytes [67] intracellular proteins like histones [75] . The screening of Leishmania expression libraries or total protein extract with serum from infected patients has unveiled several major immunogens [76] [77] [78] [79] . Among these immunogens, nonsecreted proteins like heat shock proteins, ribosomal proteins and histones were described [76, 77, 80] . These highly-conserved proteins that elicit strong immune responses are generally designated as panantigens [81] . The elevated antibody titre against conserved proteins can be the direct result of Blymphocytes polyclonal activation similar to what is found in Chagas disease [82, 83] or in autoimmune diseases [84] . Furthermore, in the Balb/c mouse model, an L. major protein homologue to the mammalian ribosomal protein S3a, LmS3arp, (Table 1) is able to elicit an unspecific activation of B-lymphocytes with the production of autoreactive antibodies [67] . Despite this, in natural infections, the humoral and cellular responses are highly specific with no significant autoantibody production [80, 81, 85] . Moreover, the epitope mapping of several Leishmania panantigens tends to reveal Leishmania unique epitopes that elicit strong immune responses [79-81, 86, 87] . There is practically no response to the homologous regions in these proteins, which argues against the nonspecific polyclonal activation as the source of reactivity against Leishmania panantigens [11, 81] . So, it is expected that these proteins are presented to the immune system during the natural course of the infection. Unlike secreted and surface proteins that are exposed and can be processed by the host immune system, the intracellular proteins are not. One must expect that the contact between the immune system and these proteins happens only upon the parasite destruction. Subsequently, one obvious source of intracellular proteins is the parasites from the initial inoculum some of which are destroyed. Furthermore, it was recently demonstrated that the presence of apoptotic parasites in the initial inoculum is a requisite for disease development [88] . Albeit the small number of parasites in the initial inoculum is not sufficient to explain the physical expansion of cell populations and immune mediators during the course of infection, it is a fact that panantigens are exposed long before the onset of any visible symptoms [88] . This initial release of panantigens may function in conjugation with the secreted and surface proteins acting as a transient "smoke screen" that enables the onset of the initial infection by viable parasites. The immune response developed against the panantigens may contribute to hide the parasite molecules involved in the invasion of the phagocytic cells. Moreover, the humoral profile suggests a steady release of panantigens during the infection [58, 73, 74] . It is also [81] suggested that panantigens originate from the residing parasite population either by the destruction of intracellular amastigotes by active macrophages or by the destruction of amastigotes that burst from macrophages or even by the spontaneous cytolysis of amastigotes inside the infected cells [11] . In active leishmaniasis, there seems to be a general anergy in infected macrophages that leads to impaired functioning [16, [89] [90] [91] [92] . So, in this case, it is not expected that panantigens may result from the macrophage mediated elimination of Leishmania, as it will lead to the resolution of the infection. Although free amastigotes can infect macrophages directly, they are almost undetectable even in heavily infected hosts. Thus, their contribution to the pool of panantigens should be diminished [11] . The low speed of intracellular amastigotes multiplication and their capacity to delay apoptosis in heavily infected phagocytes [60] enables a lasting coexistence in infected macrophages. The most viable theory for the phased release of panantigens would be the spontaneous cytolysis (described as apoptosis by some authors) of intracellular amastigotes [93] . The effect of the panantigen release is gradual and more significant as the infection develops and the parasite burden augments explaining the increasing intense immunopathology associated with Leishmania infection [11] . This increase in panantigen release can be extrapolated in correlation with panantigen antibody titres and parasite burden as seen for the Leishmania kinesin like protein, k39 [81, 94] . Another protein that shows similar characteristics to k39 is the LicTXNPx which has also the ability to induce a high quantity of nonprotective antibodies both in natural or experimentally infected dogs (unpublished data) and in infected humans [63] . This induction can be done by direct activation on B-cell populations with clonal expansion as described for Leishmania Sir2 [65] , which seems not to be the case since little or no antibodies for LicTXNPx are seen in HIV patients with leishmaniasis (unpublished data), as was observed for k39 [95] . This suggests the existence of specific T-cell epitopes in LicTXNPx. The nature of these epitopes will not be similar to those of k39, because the latter contain repetitive motifs that will contribute significantly to the clonal expansion of B-cells. For LicTXNPx, the strong immune response observed should be due to the formation of highly stable multimeric structures characteristic of this protein [96] . The nonprotective antibody titres induced by LicTXNPx seem to be transient and associated only with the immunopathology as they disappear after a period of time, unlike other Leishmania specific antibodies simultaneously in circulation [63] . These antibodies may contribute to the impairment of bone marrow and spleen [11] .
The capacity of panantigens to modulate the immune system can be related to the fact that these intracellular proteins were not selected by the immune pressure, unlike the secreted and surface proteins. Hence, in the right conditions, they can provide the immunomodulatory properties needed for vaccine design. The most prominent intracellular proteins used in vaccine design are still LACK and LmSTI1 that are able to induce protective responses with a parasite-specific Th1 immune response (high IFN-γ but not IL-4 secretion) [87, 97] . Among the Leishmania proteins studied by our group, a mitocondrial tryparedoxin peroxidase (LimTXNPx; Table 1 ), homologous to LicTXNPx, is able to induce down regulation of IL-4, a Th2 cytokine, in splenocytes both in vitro and in vivo ( Figure 5 ) though unable to induce significant protection (data not shown). It is noteworthy that similar proteins such as LicTXNPx and LimTXNPx are able to elicit distinct immune responses.
LicTXNPx is secreted inducing only the production of nonprotective antibodies, while its related intracellular counterpart LimTXNPx has immunomodulatory properties interfering with cytokine production ( Figure 5 ). This can be a good example of the type of evolutionary pressure induced by the immune system, in which two related proteins have distinct immunomodulatory properties (Figures 4, 5) . It suggests that the host immune system selects characteristics in the exposed proteins that are either innocuous or nondeleterious to the parasite. Since this does not occur in the intracellular proteins they can retain distinct immunoregulatory properties that could be useful in vaccine design.
CONCLUDING REMARKS
Taken altogether, these observations support the idea that secreted and surface proteins tend to be poor or nonprotective immune modulators, like LicTXNPx. Nonetheless, their use in vaccine could induce short-lived protection probably due to the disruption of their biological activity or by production of lytic antibodies, as seen with Leishmania Sir2. Intracellular components like LmS3arp and LimTXNPx tend to have defined immunomodulatory properties. LmS3arp is able to induce polyclonal activation of B lymphocytes while LiLimTXNPxTXNPx confers a nonprotective dowregulation of IL-4 secretion by splenocytes.
Using the basic knowledge acquired in the study of the immune response against Leishmania in different murine models, one can look for proteins that induce the immunological phenotype needed for protection. Therefore, our data suggests that in vaccine development, the conjugation of secreted and surface proteins with intracellular components should provide a more efficient protection. Hence, the impairment of the parasite entrance in the host cells, either by lytic antibodies or by the disruption of protein function, will delay the onset of the immune suppression associated with Leishmania. The parasite elimination could be achieved through a protective cellular response, induced by the intracellular parasite components present in the vaccine. 
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